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CONFIDENTIAL 1.

TYPE 200i-X4 BEARING ACCURACY TRIAL
OCTOBER 1

FRECIS

1. Bearing accuracy measurements were made for the Type 2001-X{ passive
sonar displays by comparing sonar and periscope bearings of a noise source.

2. Some results for the Sector Display and the PPI Display when used in
their active modes were obtained during a later trial and are included in
Appendix A. '

CONCLUSTONS

3« The accuracies of’ the results for individual beams are limited by
small sample sizes and the relative coarseness of the measuring technique.
The accuracies for the displays, averaged over all beams, are summarised
below, and are reasonably close to the limits given in the Agreed Character-
istics for Type 2001.

Displsy Average Error | Standard Deviation | RUS Error
. &) 0 o
HF Accurate Bearing ~0.46 0.68 + 0,82
. ° ) )
LF Accurate Bearing -0.43 0.86 + 0,96
o ) o
HF Pen Recorder ~0,57 0.50 + 0.77
Sector Displ ) ) o
(Passive Modg =043 0.94 + 1.04
Sector Display . o o o
| (4otive Mode) Q.43 1ob | 215
el
} . . ) o ! o
PPI (Passive Mode) | =0,93 0.95 | & 1.3
] ! |
PFI (Active Mode) :  =0.8° i 1.28° b4 1.5°
1 i i

ke ‘There is surprisingly little difference between the accuracies of the
passive displays and in fact the r.m.s. error for the HF pen recorder is
slightly less than for its associated "accurate bearing" display.

5« There is a bias towards negative errors for all displays (i.e. sonar
bearing less than periscope bearing) but the distributions of negative errors
between port and starboard besams are too inconsistent to suggest a possible
misalignment of the periscope bearing ring or of the transducer array.

6. The active results show similar overall mean errors to the passive
sector display and PPI figures but with larger standard deviations, The

CONFIDENETAL



2.

larger standard deviations are probebly due to the less controlled nature
of the active measurements.

7. It should be emphasised that the results in this report are for relative
sonar bearings read directly from the various displays. True bearing infor-
mation, as required for fire control, is transmitted to the ocontrol room by
coarse synchros and the errors introduced by the gyro compass and synchros
inay well be comparable with the sonar errors,

RECOMVZNDATIONS

8. A more controlled experiment wouldbe requiredfor anabsolute determina-
tion of bearing accuracy. For example,the submarine could be moored at peri-
scope depth and sonar bearings of a moveble noise source compared with
accurate bearings by shore-based theodolites. Existing noise-range facil-
ities might well be extended to allow these and other measurements associated
with large, low-frequency sonar arrays to be made.
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INTRODUCTION

9. Results are given in this report for the bearing accuracies of the

Type 2001-X1 passive sonar displays. The measurements were made aboard
HMS DREADNOUGHT in Bute Sound between 6th October and 8th October 196k4.

Some results for the active displays, obtained during a later trial, arse
included in Appendix A and the table in the Conclusion (paragraph 35.

10. Bearing accuracies were required for the following displays:
(The rem.s. errors given in the Agreed Characteristics for Type 2001 are
shown in brackets.)

(a) HF Passive Accurate Bearing Display (+ 2°).
o

)e

(b) L¥ Passive Accurate Bearing Display (4 1%
(c) Sector Display (+ 1°).
(d) HF Passive Pen Recorder (+ 21°).

(e) PPI (No accuracy figures are quoted for this display in the
Agree¢ Characteristics.)

11. The basis of the trial was a comparison between bearings by sonar and
by HMS DRU/UNOUGHT's attack periscope. Various schemes using theodolites
to provide a more accurate bearing standard were considered but were either
found to be impracticable or too difficult to arrange in the time available.

METHOD

12. A wide-band noise was transmitted by a trensducer suspended below an
anchored ¥MFV. HM3 DuBADKOUGHT mede a series of runs at periscope depth
designgd to sweep the noise source slowly through the sonar beams from ahead
to 1207 Port or 120" Starboard, spending one or two minutes in each beam.
Port end Starboard runs were alternated and a total of 26 runs were made
during the trial. Ranges varied from 6000 to 1000 yards and periscope
visibility was generally adequate at these ranges.

1%, Direct readings from the sonar bearing displays and the periscope bear-
ing ring were tabulated against the time from synchronised stop watches
every 10 or 20 seconés throughout each run. 41l bearings were relative to
ship's head to avoid the gyro errors which can occur when frequent changes
of course are made. Radar range-time data were also tabulated.

14. Periscope bearings, PPI bearings and radar ranges were read off and
recorded by the AUVE trials team. All other sonar bearings were read off
by HMS DREADNOUGHT's sonar operators.

15, A rough check of the number of results obtained for each beam was kept
during the trial to ensure statistically significent results, despite the
relatively lerge random errors inherent in the method although subsequent
detailed analysis showed that this aim was not always realised.
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Recording Errors

16. Periscope and sonar bearing scales weye graduated every degree and
could, with care, be read to the nearest % + In prectice, becauss readings
vere taken quickly, there was a blas towerds whole numbers. This is clearly
shown in Figure 1 which gives distributions of 0, %, %, 3 degree readings
for two sonar and two periscope rvcorders. Such rounding-off errors obvi-
ously reduce the significance of small samples,

Periscope Accuracy

17« No data are available for the periscope accuracy other than the fact
that, during installation, the bearing ring was aligned so that its zero
corresponded closcly to the ship's fore and af't line. However, it is prob-
ebly reasonable to assume that systematic errors form only 2 smell fraction
of the r.m.s. periscope errors.

Treatment of Results

18. Sonar bearings for the various runs were grouped into beams by taking
readings within + 2° of the nominal axes (4 10  for the PPI beams). The
error within a beam is assumed to be constant. Periscope and sonar readings
were not usually coincident in time and linear interpolation between points
was used in obtaining the dif'ferences. These differences and the corres-
ponding ranges from the rader data were put on punched tapes A simple com-
puter programme was then used to correct for the parallex causcd by the
separation of periscope and transducer array (32 yards) and to obtain the

an (Standard dev1ation) for cach

meen difference and standard error of the me
number of results

beams The significance of the results was tested by applying the "t"-test
for small samples. i.e. the mean difference for a beam is assumed to be

mean difference

significantly different from zero if the value of t = StAndard orror

less than a 5% probability of being exceeded by chance. Tables of t for
various sample sizes and probebility levels are given in most text books of
statistics.

19, The beams are formed from diffurent delay lines and different sectlons
of the transducer array and, as will be seen from the reusults, there are
significant differences between the bearing errors for many of the beams so
that a single, true bearing error cannot be assumed for a particulaer dis-
play. The results for a display are therefore summarised by the average and
standard deviation of the mean differences for the beams rather than by the
average over 211 the data,.

RESULTS

20, The results given are specifically for the Type 2004—X4 sonar fitted
in HMS DREADNOUGHT. They are typical of the results to be expected for
future Type 2004 sonars but varistions are possible bucause of equipment
tolerances.
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HF Passive Accurate Bearing Display

21, Table 1 gives the mcan differences between sonar and periscope bear-
ings and the corresponding standard errors. Figure 2(a) shows the distri-
bution of errors. The following conclusions are drawn from these results.

(a) Confidence limits for these mean errors are wide, particularly
for the smaller samples but at least twenty-six of the forty-
seven beams have mean errors which are significantly different
from zero (at & 5% level of significance).

(p) Thirty-seven beams have mean errors of less thgn + 1° and only
the starboard beams have errors greater than 1 .

(¢) All starboard beam errors are negative, i.c. sonar bearing less
than periscope bearing.

(2) The average error for the display is =0,46° with a standard
deviatgon of 0,68 « The Treles. error about zero mean is
+ 0.827,

(e) Results for the 25° and 550 starboard beams are suspiciously
high, possibly because of a rather high bearing rate through
these beams, and are not supported either by results for other
displays or by previous measurements of' the HF Correlograms.
Neglecting these two beams gives an overall rem.s. error of
4 0.737, just within the Agreed Characteristics.

LF Passive sccurate Bearing Displey

22. These results are given in Teble 2 and Figure 2(b) and are summarised
as follows:=- .

(a) At least twenty-five beams have significant mean errors.

(b) 411 the beams measured have mean errors less thgn + 2° and
thirty-eight of these errors are less than + 1% . All port
beamns have negative errors,

(¢) The mean error fos the displey is -O.h}o with a standard o
deviation of 0.86°, The r.m.s. error about zero mean is + 0.96°.

(d) Comparing HF and LF results, the overall mean errors are very
similar and diffegences between errors for corresponding beams
rarely exceed + 2 .

(e) There is however no corrclation between the results for HF and
LF beanms {correlation coefficient = =0.01) which supports the
absence of significant systematic periscope errors.

Sector Display (Passive lode)

23, The sector displ-y results are given in Table 3 and Figure 3(a) and
are summarised below. These recsults refer to the bearing of the noise
spoke on the sector display cathode ray tube and not to the bearing of a
target wcho. Buaring accuracy results for active operation of the sector
display wer. obtained in a later trial and are discussed in Appendix A.



(a)
(v)
(e)

CONFIDENTIAL

At least sixteen of the beams have significent mean errors.
Twenty-eight beams have mean errors of less than + 1°.

The mean error for the display is -0.430 wgth a standard devia-
tion of 0.94°. The r.m.s. crror is + 1.04 .

HF Péssive Pen Recorder

24, These results are given in Table 4 and Figure 3(b) and are summarised
as follows:-

(a)

(v)
(e)

At least twenty-four beams show significant departures from zero
bearing error.

Thirty-six beams have mean errors of less than 1°.

The megn error for the display is -0.57° with a standard deviation
of 0.5". The rem.s. error about a zero mean is + 0.77 .

PPI Display (Passive Mode)

25. The results for the PPI are given in Table 5 and th: following conclu-~

sions are

(a)

(b)
(e)

dravwin:

Ten of the twelve beams have errors which arc significantly
different from zero.

o
Eleven beams have mean errors of less than 2.

The mean error for the display is —0693o with a standard deviation
of 0,957, The rem.s. error is + 1.3 .

CONTIDENT TAL




CONFIDENTIAL 7.
TABLE {; IHF PASSIVE ACCURATE BEARING RESULTS
PORT BEAMS STARBOARD BEAMS
Beam | Number Mean Standard | Number Mean | Standard
of Difference Error of Dirfference Lrror
Results Legrees Degreos Results Degrees Degrees
0 2 0.76 .10
5 1 0453 .07 16 -0.61 .10
10 9 0.48 +15 7 -0.21 «50
15 12 ~0.24 .09 10 -1.33 .20
20 9 0.16 o 1 -1.01 ol
25 9 -0,96 W10 7 -2.28 Ak
30 10 0.03 11 13 -0.86 3
35 8 0.13 .18 1 -0.81 .10
40 N 0.80 20 8 -0.84 .69
L5 16 0,52 .09 5 ~0.17 .18
50 N ~0.11 .16 5 -0.59 Al
55 7 -0,63 .19 L -1.86 «50
60 9 0.60 A1 8 -0.46 «20
65 6 0.47 .06 5 -0,11 26
70 4 0.36 . A6 9 ~0,64 A1
75 3 0.40 «20 I “1.3 13
‘80 3 -0431 W11 5 -0.65 .08
85 5° -0.27 o1 6 -1.02 40
30 6 ~0434 A6 5 =1.14 «26
95 5 -0.40 e23 6 -1.48 19
100 3 -0.37 15 5 -0,82 29
105 7 0,38 | .10 5 -0.89 A7
110 8 - =019 ! .11 3 -1.10 .29
i 115 13 | =0.92 | 07 1 5 1 w0 T a2

CULFIDENTIAL




8. CON'TDENTIAL

TABLE 2: LF PASSIVE ACCURATE BRARING RESULTS

PORT BEAMS STARBOARD BEAMS
Beam | Number Mean Standard | Number Mean Standard
of Difference Lrror of Difference | Irror
Hesults Degrees Degrees Results Degress Degrees
0 20 0.93 .2
5 19 =043 Al 13 ~0.46 o33
10 1 0.08 16 11 0.06 oiB
15 18 -0.42 A7 15 ~0, 31 o2l
20 5 -0.13 o6 6 0.75 .16
25 5 -1.21 .05 7 «0,64 olib
30 3 =159 .08 L -0.63 1.12
35 11 ~0.57 23 & -0,62 «65
L0 8 ~1.42 e26 L 0.15 39
L5 8 146 «20 4 -0.80 57
50 2 ~1.54 0 6 -0,10 27
55 L -1.64 *32 5 1.82 «50
60 5 -1.83 .21 9 0.18 40
65 - - - 2 1.55 o9
70 3 -0.88 «19 5 1.03 39
75 3 -1.66 .00 6 0.35 63
80 6 -1.16 26 9 0.66 «28
85 Q =149 o2 9 0.63 .22
90 10 -0.97 31 . 10 =019 38
95 8 ~0.22 i3 10 =0.04 ol
100 10 -1,20 .22 12 -1.52 26
105 3 -0.70 | .21 11 -0.20 | .48
110 6 -0.84 o 37 13 -0,07 b2
{ 115 3 : -1.02 4, oldy ¥ 4 . O.12 i 96
CCMNFILLNTIAL




CONFIDENTIAL 9.
TABIE 3: SECTOR DISPL4AY RYSULTS
PORT BLANS STARBOARD BEANS
Beam | Number . Mean Standard | Number Mean Standard
of Dif'ference Brror of Difference | Error
Results Degrees Degrees Results Degrees Degrees
0 24 -0.49 0.1
5 5 -1.25 0.36 " 0.89 0.19
10 5 0.07 0.26 13 0.74 0.2
15 6 -1.79 0.34 7 -0.08 0.24
20 5 =042 0.52 4 0.78 0.50
25 2 -~1434 0.47 5 ~0.24 0,08
30 10 ~0.37 0.27 5 =017 0.2
35 6 ~0.74 0.39 - - -
40 7 0.07 0.46 2 0.81 0.26
L5 8 -0.12 0.30 6 1.1 0.34
50 5 -1.15 0.32 6 -0,06 0.22
55 7 ~1.38 0.22. 6 0.72 0.32
60 7 -0.87 0.44 5 049 0.38
65 7 -0,29 0.3 7 1.09 039
70 N -0.58 0.59. 6 1.0L4 0.33
75 L -1.72 0.26 L 0.74 0.80
8o | 6 1434 0.33 6 0454 0.40
85 | 5 ~1 o3k 0.75 b 0412 0.87
90 5 -1.26 0.22. - - -
95 3 -2.27 - 0e24. 6 =0¢24 0.30
100 7 ~1.63 0.29 9 -0.40 0.47
105 5 -2.08 0.27 - 5 -0413 0425
110 i 7 -1475 C.15 3 ~0.12 0.55
115 7 -2.07 J 0uli9. 6 | -0.93 0.36
CONFIUENTIAL



10. CONFIDENTIAL
TABLE 4: HP PASSIVE PEN REUCORDER RESULTS
PORT BZAMS STARBOARD BEAMS
Beam | Number Mean Standard | Number Mean Standard
of Diff'erence Error of . Difference Error
Results Degrees Degrees Results Degrees Degrees

0 3 0.15 0.15 :

5 10 0.50 0.19 14 -0.77 0.26
10 9 0.09 0.32 10 -0.02 0.32
15 13 -0.17 0.22 13 -0.09 0.20
20 9 =0.99 0.34 12 -0.89 0.22
25 8 -0.56 0.22 9 -1.16 0.23
30 10 -1.11 0.24 12 -0.74 0.15
35 9 =0.75 0.32 12 -0.56 0.18
L0 6 0.20 0.60 10 -0,60 0.22
L5 17 0.29 0.20 6 =043k 0.49
50 9 0.16 0.40 - - -
55 8 Oulils 0.46 5 -1,10 0.40
60 10 =0,26 0,28 8 -0.89 0.16
65 9 -0.ldy 0.19 4 013 0.16
70 4 0.06 0.24 8 ~1,12 0.42
75 5 -0459 0.35 7 -0.31 0.43
80 4 =0.45 0.09 8 =0.75 0.23
85 6 -0.,95 0.16 7 =0.45 0.39
90 6 -1497 0.78 7 =-0.90 0.19
95 6 -1.11 Ol 6 =0.94 0.33

100 5 ~1.19 0.11 7 . =0.75 0.23

105 7 =0,59 0.17 7 ~0.42 0.35

M0 1 8 ~0.81 | 0.9 5 1.5 0.50 |
15 0 13 1 430 0 0,22 L ~1.00 0.25

CONFIDLNIT AL




CONFIDLNITAL

TABLE 5: PPI RESULTS

1.

PORT BEiMD ST/RBOARD B.AMS
Bean Number Mean Standard | Number Mean Standard
of Diffeerence Error of Difference Error
Results Degrees Degrees Results Legrees Degrees

10 20 -0456 0.12 20 ~0els? 0.10
30 20 ~0s79 0.16 20 =1el5 0.14
50 20 -1.78 0.10 20 Q.77 0.15
70 10 -2.58 0458 20 0426 0.09

90 19 -0.80 0.23 13 -0.11 0.22

; 110 9 -1.88 0405 18 -1.80 0.06

CONFIDE T TAL




CONFIDENTIAL 13.

APFEIDIX A: SECTOR DISPLLY AND PPI ACTIVE BEARING ACCURACIES

1« The opportunity was taken during a recent initial-detection trial
(November 1964) to measure the Sector Display and PPI bearing accuracies
in the active mode,

2. The method adopted was for HMS DREADNOUGHT to steer a constant course
relative to a surface-ship target for long enough to take about a dozen
readings ot sonar and periscope bearings. Sonar and periscope readings
were taken at roughly the same time but no times wers actually noted and
for the purposes of analysis, readings were assumed to be coincident.
Measuregents were made for seventeen different bearings between 110° Port
and 110" Sterboard at an average range of 6000 yards.

3« Mean errors for the various bearings are given in Table 6 below.
Errors averaged over all bearings for the two displays are as follows:-

(a) Seotor Display: syerage Error -0.43°, Standard Deviation 1.4°,
r.n.se Error + 1457,

(v) PPI: Average Error -0.80, Standard Deviation 1.28° s PolleSe
Irror + 1.5 .

TABLE 6: SLCTCR DISPLAY AND PPI ACTIVE RiSULTS

Port Mean Error, degrees Starboard tlean Error, degrees
Bearing Sector Display PF1 Bearing Sector Display PPIL
87° s | w0 | "% 0.3 | 28
75° -2.15 -2.9 82° +0425 -2.7
62° ~2405 -2.0 67° L +0413
55° ~1.45 -0.7 53° +0425 +043
uw° ~0.7 -0.13 38° +.9 -1.2
3° “1.85 -2,2 25° +0.6 +0.2
|22 -1.7 -0.12 10° | +1.5° | +1.0
P90 | “1.1 =01 ¥ +1.1° ! =0.5

g 2 i

L. As for the corresponding passive results, both Sector Display and PPI
show a strong bias towards negative errors, particularly in the port beam,
but the actual srrors are considerably higher in the active case. There is
a tendency for the bearing errors to be lerger for broad-aspect targets but
this is not conclusive,

COrFIVEITILL
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CONFIDERTIAL

Bearing accuracies of the Type 2004-X1 active
and passive sonar displays were measured by comparing
sonar and periscope relative bearings. The R.li.S.
beaglng errors of Type 200%X{1 were not greater than
for the L.F. and H.F, passive displays and not
greater than ¢ 1.5 for the P.P.I. and Sector
Displays.

CONFIDENZTAL



*sfe1dsTq J0308g pue °*I°d°d 9Y3 IoJ
6*1L ¥ ueyy aojvead jou puw sLeTdstp safssed °J°H puw °g°7]
ay3 J03 | ¥ uwyg Ja99woad jou agam |Y-l00Z 2dLL Jo sJoxas

mﬁm.cmo. ‘g oyl °sfutaeeq aAT3wIax adoostasd pue
Jeuos Furaedwoo Lq paInswsw sI9M sABTASTP JBUOS 2arssed
pue 3AT130® Y~ 00z odLJ, sy3 Jo satTomvanoow Juravag

i
o

71961 100300 - TeTI] Aovanooy Juraeed LY—-100Z °dAy

‘TInquang °p
*G961 fLrsnuep

69/9L} 230N TeOTUYOS] °H°M°A°Y

12g°¢29
*H° 100°¢86°¢29

TYIINHIIANOD

*gfe1dstq J0300¢ pus °I°d°d 93Ul .no.w_

G*l ¥ usy) J23wexd jou puw sABYdsTD aagssed °J°y puw °J°T

ays JoJ _} ¥+ uvy} Jo3wax¥ jou axse |[¥-i00z °dLL Jo sxoxxo

wﬁwamp *GUR°Y oyl °sButaweq aaTreTed adoostaad pue

Jeuos Jurreduwoo L£q paamessm axam sfeTdsTp Jrucs sarssed
PuB 9AT30® LY-1002 °dLL ayy Jo satovanoow Fupresg

o

4961 I9q030Q ~ TeTa] Losanooy Jupawag IX~1002 2dAy

*ITnQuIng, °p
128°¢29 *G961 ¢ Lrenuep
H°400°¢86°€29 69/9/} 930N TeOTUYoaL °T°iA°nN°Y

TVIINEIIANOD

*sfg1dsTq acj3oo9g pus °*I°d°d 2U3 J0JF

om._, ¥ ueyj J2982a3 jou pue skz7dstp satssed *J°y pue °*J°7

aq3} J0F 1 F usyy J93¥239 jou oasm (y-iooz 2dL75 Jo saoade

Jurdeaq °S°W°H 2yl *sIuraeaq aAT3eI2X adoostaad pus

Jeuos Sutaedwoo Kq poansysu 2I3m sLeTdsTip Jwuos aarsssd
pue 24T130® |¥-1002 2dLT 2y3 Jo saTOoBINOOR Furaweg

7961 19q0300 - TeTIL Loeanooy Jutaeeqg ¥-1002 2dLg

‘Tmquang *p
*Go61 ¢ Arenuep
mW\WN? PUPOZ H.QO..HEO@E oﬂo.._‘ QDA,‘*

128°¢29
* 100°¢86°¢29

TVIINECIANOGD

*sfe1dstqg a0309g pue °I°d°d AU} JOF
¢*| ¥ ueys J938ax8 jou puw sLeydsip aarssed °J°H puw °I°]
aygq JoJ or ¥ ueyj J93vead jou aI9M LY-loog NdLL Jo sIoxxs

Quriseq °g°N°Y 9yl *sIutamweq 2aT38T2T ~doostasd pue
Jeuos Juraedwos £q peansesuw sxau sferdstp aeuos ~atssed
pue eAT3o8 LY-1002 2dAT sy3 Jo S$a1oBan0O® JurIeed

4]

4961 I9qo300 — TeTIT Lomanooy Sutraeaqg LY-1002 =dAy

*TnQuIny, * ¢
*G96} ‘Lrenuep
§9/9/} 230y TBOTUYDST °F°X°N°Y

128°¢29
7 100°€86°¢29

TVI LNPATANGD

XOPUT UOTABUWLIOJUT U UTBJUTEW OF POOU OYM SIaY30 PU® SUBTJILBIQYIT
JO souaTusAuO0D sy} JOF sagou puw sgIodoX °*H R °M°V UT POIASUT ars spIed 30BJ3Sqe 3SOYL

Spa8) 308135QY 21q8yoB3e(d




dStl

rdstl} #x

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

USA

AD#: AD361159
Date of Search: 17 November 2008

Record Summary: ADM 302/275
Title: Bearing accuracy trial of Sonar Type 2001-X1, October 1964
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) AUWE Technical Note 176659
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http:/Awww .nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1858, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



